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Abstract 
In a small to medium scale PV inverter system, energy storage functionality such 
as battery is significant to ensure the energy is efficiently stored, used and delivered to 
the load. As for the grid-connected system, having a bidirectional power flow in the 
system is an advantage in case the power from the PV array is insufficient to satisfy the 
demand from the load. The grid power can also be used to charge the battery storage in 
case the energy stored is at the critical level and cannot be recovered immediately due 
to low/zero level of sun irradiation.   
In relation to this, the quasi-Z-source inverter (qZSI) topology, apart from offering 
a single stage DC-DC-AC conversion, offers a flexible way on how the battery storage 
can be introduced to the system. In this thesis a new method of connection and control 
method for battery storage is proposed which can be connected to the system easily with 
minimal modification with main advantage of controlled current for the charging and 
discharging operation. Apart from this, bidirectional power control between the PV 
source, battery storage, load and the grid is also investigated. 
As for the implementation, a complete grid-connected quasi-Z-Source PV inverter 
system with battery storage is modelled and designed. Verification is carried out firstly 
through the simulation of a 5 kW system with transformerless connection to the grid 
and a scaled down version of 0.5 kW system with transformer as a comparison with the 
experimental hardware prototype. A hardware prototype at 0.5 kW is built for 
experiment purpose. From both simulation and experimental results, it is shown that the 
proposed battery storage method works satisfactorily with the inverter and the 
bidirectional power flow control can be realized successfully.  
iv 
 
The work in this thesis is significant specifically for the PV inverter system using 
the Quasi-Z-Source topology which so far has not been explored in the literature.  It has 
demonstrated that this topology is suitable for commercial and industrial 
implementation and has equivalent performance as other conventional topologies used 
for grid-connected PV inverter system. 
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 1 
Chapter 1 Introduction 
As the world is increasingly aware of the potential of renewable energy to reduce 
the dependence on fossil fuels and to decrease the emission of climate changing 
greenhouse gases and other pollutants, photovoltaic (PV) distributed generation system 
has become very significant in the recent years. This is evidenced by the data shown in 
Figure 1-1 from the International Energy Agency (IEA) which shows that up to 2013 
total accumulated capacity of installed PV reaches about 133 GWp among the reporting 
countries with 36 GWp alone for 2013 [1]. This must have been supported by the 
continuous research around the world on many aspects of solar PV conversion system, 
resulting in a cheaper system installation and better efficiency in the conversion system.   
Cumulative Capacity – IEA PVPS Reporting Countries
Cumulative Capacity – Other Major Countries (Est.)
Evolution of Total Installed PV Capacity (MWp)
 
Figure 1-1 Accumulated installed PV capacity for 1992-2013 [1]. 
The PV conversion system converts energy harvested from the sun light into a 
usable form of electrical energy. This in general requires an application of two stages 
conversion as shown in Figure 1-2. The DC-DC conversion stage is where the output 
voltage from the PV array is regulated to a certain required level. Then before the 
power can be delivered to the grid or load, it must be converted to an alternative current 
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(AC) form and this is done by the DC-AC inverter. A DC bus exists between the two 
stages to ensure a balance of power transfer between the source and the loads including 
the energy storage if available, where the energy harvested from the source is kept 
temporarily before used. 
Controller Unit
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Figure 1-2 Conventional grid-connected PV inverter system. 
 
In grid-connected PV inverter system, the following criteria in its design and 
configuration are desired. Firstly, the system must be able to deliver power to the grid 
efficiently, where it refers to the ability of the system to ensure the amount of energy 
captured from the source is transformed to a usable form at its load at highest possible 
rate. This can be done through reduction in conversion stages, the use of a fewer 
number of components and the lower voltage and current stress on the components 
which relates to losses in the system.  It is a fact that the longer and more stages the 
energy needs in order to get through to the load, the more it is prone to power losses, 
noise and distortion.   
Secondly, it is preferable for the system to have an energy storage capability 
which means that the system can be fully utilized not only during the high insolation 
during the day, but also able to operate during the night or when there is a low/no sun 
light at all. The use of battery as a storage device with a standard charging/discharging 
specifications requires the system to have a flexible and controllable 
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charging/discharging capability as well as power flow management within the inverter 
system. Not only power is supplied to the grid and load from the PV source or battery, 
but the grid can also be used to provide power back to the load or charging the battery 
when power from the PV source is limited or totally not available. 
Lastly, it is important to make sure that the power delivered by the converter 
system complies with the utility grid connection standard, for example in term of its 
harmonic contents and the power factor. Among the standards available as a reference 
are the AS4447 Grid Connection of Energy Systems via Inverters and the IEEE 1547 
Standard for Interconnecting Distributed Resources with Electric Power Systems. 
This thesis focuses on two aspects from the above criteria; which are the energy 
storage and the ability to realize the bidirectional power flow management. Energy 
storage for PV inverter system traditionally is applied in the stand alone off-grid system 
considering the sunlight is only available during the day and energy storage system like 
the battery is used to temporarily store the extra energy from the solar PV to provide 
energy when there is no/low sunlight. As for the grid-connected system, especially for 
the residential consumer, battery storage is not really necessary considering the grid as a 
limitless battery bank that can provide electricity continuously apart from the costing 
reason the consumer need to invest.  
However with the unattractive Solar Feed-in Tariff, dropping cost in PV system 
installation and increasing electricity price, the interest towards storage system in grid-
connected PV system is changing. From the consumer’s perspective, having a battery 
storage system is meaningful only if the energy from the battery can be used in an 
advantageous manner which allows for better self-consumption and reduction in the  
cost of purchasing electricity from the grid. For that, in term of storage capacity it does 
